The higher rates of excretion in the urine of the premature infant of both total free alpha amino nitrogen and of individual amino acids as compared to the full-term infant, the older child, and the adult have been repeatedly documented (Childs, 1952; Dustin, Moore and Bigwood, 1955; Fowler, Norton, Cheung and Pratt, 1957; Jagenburg, 1959; O'Brien, Bergstedt, Butterfield, Ibbott and Lubchenco, 1960; Sereni, McNamara, Shibuya, Kretchmer and Barnett, 1955; Woolf and Norman, 1957) . In only one study, however, has there been an attempt to extend these observations to the measurement of the renal clearances of single amino acids. Using the semi-quantitative technique of paper chromatography, Sereni et al. (1955) demonstrated in the case of 13 individual anmino acids that this aminoaciduria in the premature infant was due to diminished renal tubular reabsorption and that it was also limited by the small glomerular filtration rate in the first month of life. Additional and more precise data obtained by column chromatography in both normal adults and adults and children with a variety of metabolic defects has been reviewed in detail (Scriver, 1962) .
The higher rates of excretion in the urine of the premature infant of both total free alpha amino nitrogen and of individual amino acids as compared to the full-term infant, the older child, and the adult have been repeatedly documented (Childs, 1952; Dustin, Moore and Bigwood, 1955; Fowler, Norton, Cheung and Pratt, 1957; Jagenburg, 1959; O'Brien, Bergstedt, Butterfield, Ibbott and Lubchenco, 1960; Sereni, McNamara, Shibuya, Kretchmer and Barnett, 1955; Woolf and Norman, 1957) . In only one study, however, has there been an attempt to extend these observations to the measurement of the renal clearances of single amino acids. Using the semi-quantitative technique of paper chromatography, Sereni et al. (1955) demonstrated in the case of 13 individual anmino acids that this aminoaciduria in the premature infant was due to diminished renal tubular reabsorption and that it was also limited by the small glomerular filtration rate in the first month of life. Additional and more precise data obtained by column chromatography in both normal adults and adults and children with a variety of metabolic defects has been reviewed in detail (Scriver, 1962) .
The purpose of this study was to obtain comparable information for the premature and full-term infant at the time of maximal aminoaciduria and so to extend the earlier observations based on paper chromatography as well as to provide a more accurate baseline for the appraisal of aminoacidurias in this age-group.
Clinical Material and Methods
Four healthy premature male infants and three fullterm male infants (Table I) were studied at an age between 30 and 60 days when previous observations (O 'Brien et al., 1960; Sereni et al., 1955) had shown that the aminoaciduria would be most pronounced. The subjects were maintained for four days before the collection period on 120-150 ml./kg./24 hours of a conventional partially skimmed milk and carbohydrate mixture containing 67 calories and 2-7 g. protein per 100 ml. They were placed on a metabolic frame (Hepner and Lubchenco, 1960) from which all urine could be collected into a time flow fraction collector. After a fast of not less than four hours, the time of the next voiding was noted. The infant was then given 25 ml./kg. of 5% dextrose in water and all urine was subsequently collected for a timed period which ranged from 97-174 minutes; samples were frozen pending the estimation of amino acids. Similar studies were carried out on three fasting healthy male adults.
A scalp vein sample of approximately 5 ml. was taken for the assay of creatinine and free amino acids at the end of the collection period rather than in the middle because of evidence that such procedures might signi- Glut./Asp. ficantly alter glomerular filtration rate (McCance, Naylor and Widdowson, 1954) . Creatinine in plasma and urine was measured specifically in triplicate within two hours of sample collection by the Jaffe reaction after adsorption on to and elution from Lloyd's reagent (Owen, Iggo, Scandrett and Stewart, 1954) . The remainder of the plasma was at once deproteinized (Stein and Moore, 1954) and assayed for amino acids on sulphonated polystyrene resin columns (Spackman, Stein and Moore, 1958) (Stein and Moore, 1954) , and in none of the runs on urine or plasma was there a measurable peak in the tryptophane position. Reproducibility for individual plasma amino acids for all stages of this assay as expressed by the coefficient of variation was ±5-7% (2 6-7-6%) except for half-cystine and histidine which gave values of ± 10%. However, as Jagenburg (1959) has pointed out, there are technical reasons for supposing that cystathionine, methionine, leucine and isoleucine in urine are overestimated; but the error is not sufficient to affect the general conclusions on tubular reabsorption of these amino acids.
Results and Discussion
Values for creatinine concentration in plasma and urine and for endogenous creatinine clearance rates are given in Table 1 . Plasma amino acid concentrations (Paa) and urinary amino acid excretion rates (UV) are shown in Table 2 , and amino acid clearances (Caa) and percentage tubular reabsorption (TR) in Table 3 . In calculating TR, the endogenous creatinine clearance has been accepted as the measure of glomerular filtration rate (Barnett and Vesterdal, 1953) .
Two major factors must be considered in any evaluation of the higher urinary losses of amino acids in infants as compared to older children and adults. The first of these is the size of the filtered load presented to the proximal tubule. Doolan, Harper, Hutchin and Shreeve (1955) and Doolan, Harper, Hutchin and Alpen (1956) glycine and histidine. Webber, Brown and Pitts (1961) and Webber (1962) have also demonstrated in dogs that the infusion of any single basic, acidic or neutral amino acid will primarily increase tubular rejection of other acids in the same group. No data on the effects of increased tubular loads are available for the small infant; but the fasting serum levels of alanine, valine, leucine, isoleucine and proline are higher in the infant than in the adult. Sereni et al. (1955) showed, however, that the impact of these increased plasma levels on the tubular load was counteracted in the least mature infants by their small glomerular filtration rate.
The second factor is that of transport across the luminal membrane, in turn a function of molecular charge and stearic relations. Thus the neutral amino acids, alanine, oa-aminobutyric, valine, leucine and isoleucine are reabsorbed as effectively in the infant as in the adult despite uniformly higher plasma levels in all cases except oc-aminobutyric. It is of interest that glycine does not behave in this manner; its special position may relate not only to its being the shortest chain and therefore the least lipophilic of the neutral acids but to the other factors that affect its absorption. Histidine with its ,yclic side chain is also less well absorbed in the infant than the longer chain neutral acids.
The dicarboxylic acid glutamic is as well reabsorbed in the infant as in the adult although its monoamide glutamine shows some impairment in premature and full-term infants. Tubular rejection of aspartic acid on the other hand, although similar at all ages, is uniformly greater than of glutamic acid. These two acidic amino acids have been shown by Webber (1962) to inhibit each other competitively at the tubular membrane but not to interfere significantly with the reabsorption of the neutral amino acids.
The neutral aromatic acids, phenylalanine and tyrosine, are efficiently conserved at all stages of maturity. Phenylalanine has been shown by Webber (1962) to compete for reabsorption with other neutral acids, but whether it does so with tyrosine in the brain (Neame, 1961) is not known.
The basic amino acids ornithine, arginine, lysine and cystine have a known common reabsorptive pathway (Robson and Rose, 1957) . Plasma levels are similar at the different ages except for the high (1) (1) (1)
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(1) = 0-Tr in plasma but present in significant amounts in urine.
(2) = Detectable in plasma but not in urine except in traces.
lysine in the full-term infants, and there is a variable impairment of tubular reabsorption in the infant which is most marked in the premature. This pathway appears to be quite distinct from that for the acidic amino acids, although there may be some overlap with that for the neutral acids (Webber, 1962) . The pattern appears to be shared by the two other basic amino acids citrulline and hydroxylysine. The neutral hydroxy acids are the one group affected by pre-renal factors in that the high urinary losses are linked to high plasma levels. This is also the case for methionine, a neutral but structurally unrelated amino acid.
The imino acids and glycine have also been shown by Scriver, Schafer and Efron (1961) to have properties in common during tubular reabsorption. These three amino acids show significant tubular rejection as a group in infancy, and this is particularly demonstrated in the first full-term infant. Glycine, in addition, may compete with phosphorus for reabsorption (Evered, (1956) as well as being reabsorbed less effectively after a load of neutral amino acids (Doolan et al., 1955 (Doolan et al., , 1956 Webber, 1962) .
The five amino acids hydroxylysine, homocitrulline, cystathionine, P-aminoisobutyric and ox-aminoadipic have in common an unusually low renal threshold at all ages. Cusworth and Dent (1960) have pointed out that substances behaving in this way are not normally transported in the extracellular water in significant amounts. The possibility that homocitrulline might be an artefact derived from lysine and cyanate within the bladder or on storage of the urine has been suggested (Gerritsen, Lipton, Strong and Waisman, 1961; Stark, Stein and Moore, 1960) . However, incubation of a sterile urine sample at 370 C. for 96 hours showed no increase in homocitrulline or diminution in lysine, a finding that had been confirmed by T. Gerritsen (1962, personal communication) on sterile urine to which urea and lysine had been added. 1-and 3-methyl histidines were observed only in the adult urines except for small amounts in one of the full-term infants; these amino acids have not previously been reported in the urine under 5 months of age (Scriver, 1960) . Taurine, which is not an amino acid is efficiently reabsorbed at all stages of maturity despite the higher plasma levels in the infants.
Summary
The plasma levels and urinary excretion rates of 
-
- 
(1) - 
- 32 amino acids and related compounds have been measured in four fasting premature infants and three full-term infants. The values for renal clearance and renal tubular reabsorption have been calculated for 21 of these and compared to the figures for three adults.
The main patterns of renal tubular conservation of amino acids have been discussed in relation to pre-renal factors, to known common reabsorptive pathways and to structural relations.
